Clclic voltammetric, differential pulse voltammetric and sp€ctroelectrochemical methods have been used to study the newly synthesized metal-free 2,9,I6,23-ta$aferrocenylphthalocyanine in dichloroethane 
Intruduction
Interest in the chemistry of phthalocyanines as homogeneous and heterogeneous catalysts in a wide range of chemical reactions continues to gro\ry U-51. Phthalocyanines are used in the electrocatalytic reduction of molecular oxygen and carbon dioxide, in sensors, electrochromic devices [6-10J, conducting polymers [ll-12J and batteries [13] [14] erc..
The utility of the phthalocyanine species in these many applications arises primarily from their redox versatility, intense color, overall chemical and thermal stability, and non-toxicity. We report here an attempt to improve the redox versatility of these species by binding a redox active moiety to the phthalocyanine ring, in this case by attaching four ferrocene groups, forming 2,9,16,23 -tetraferrocenylphthalocyanine(I I) (TFcPd-2)Hr). In fact, four isomers will be present, arising from the two alternate substitution sites in each benzene ring, for the ferrocene group. These isomers have properties which were not distinguishable by the methods utilized, and we were unable to separate them by chromatography.
Ferrocene units couple together when separated by a short bridge, 1-8 atoms or so [15] [16] [17] , exhibiting a splitting of the Fc* /Fc redox process; however they frequently behave independently (uncoupled) at longer separations [18] [19] [20] [21] [22] [23] [24] . Thus several different tris(diferrocenylbipyridylhuthenium species 1251, a range of macrocyclic species with two or more pendant ferrocene moieties I2L-241, and some ferrocene substituted pyridine and salicylic acid derivatives [26] have been reported. In these cases, all the ferrocene units oxidized at essentially the same potential; there must actually be a statistical effect [27] ( 4 ) Using a method previously described for the preparation of phenylferrocene [28] , ferricenium chloride (2) reacted with 4-diazoniumphthalonitrile bisulfate (3) [29] to give 1-(3,4-dicyanophenylXerrocene (4 
Synthesis of TFcPc( -2)H2 (l)
A method similar to that of Linstead and mworkers [30] was used to synthesize 1. To dry amyl alcohol (5 mL) was added lithium metal (20 mg) which was dissolved at 80'C under argon until a turbid solution was observed. At this point 4 (250 me) was added, and the reaction mixture heated to l25C under argon. After 3 h, the dark-blue reaction mixture was allowed to cool. diluted with hexane and filtered on a glass frit. The precipitate was dissolved in chloroform, and the filtrate collected, After solvent removal, the resulting crude dilithium tetraferrocenylphthalocyanine was demetallated by dissolving the dilithium salt into absolute ethanol (10 mL) containing I M HCI acid (0.5 mL) and was allowed to stand for 2 h. A blue precipitate, collected by centrifugation, was pre-adsorbed onto classical silica gel for flash silica column chromatography using chloroform as the eluting solvent. The first band was dark-blue, and gave TFcPd -2)H 2 (32 mg, 327o) which was re-precipitated from chloroform and (Fig. 2) . There is less time for deposition of [TFcPd-Z)IJzl4* at high scan rates, and the ratio io,"iir,^ decreases towards 1.0, see CV data collected at 10 V s-l (Fig. 3) . The insolubility of species containing multi-Fc* units has been previously noted [18] . We were unable to find a solvent where the oxidation product was soluble. Further, the potential of this process is in the region anticipated for ferrocene oxidation [18, 19, 25, 36] leading to its unequivocal assignment to the "simultaneous" oxidation of four uncoupled ferrocene moieties.
Differential pulse voltammetry of TFcPd-2)H, or DPV data at 5 mV-rs (peak III, fonpard positive scan 0.49 V (half-peak width 120 mV) and reverse scan 0.55 V (half-peak width 60 mV)) (Fig. 4) shows no significant splitting of the redox peaks of the ferricenium/ ferrocene couple, and therefore no significant electronic coupling between different ferrocene units.
There are additionally, two redox couples (IV,V) between 1.0 V and 1.4 V (Figs. 1 and 4 , Table 1 ). The difference between IV and I is 1.84 V, which compares to the difference of 1.80 V between the first-step reduction and the first-step oxidation for metal-free tetraneopentoxy phthalocyanine [33] ; therefore it is reasonable to assign [V to the first-step oxidation of phthalocyanine ring [34] , forming [TFc( + )Pc( -1) Hrlt*. The intervening oxidation of the ferrocene units apparently has little or no effect upon the oxidation potential of the Pc( -2) ring even though the formal charge of the molecule has been increased by + 4. This further indicates the lack of coupling of the ferrocene units through the phthalocyanine z'-framework.
The difference between IV and V is only 0.07 V, so V cannot be the second-step phthalocyanine ring oxidation to Pd0) [33, 34] (Fig. 1) ; the spectroscopic changes accompanying the process are shown in Fig. 7 . When TFcPc'(-2)H, is reduced, the peak at 734 The [TFcPc{-3)H2]-anion is further reduced at -1.4 V, to form the [TFcPc(-4)IIzl2-dianion, with spectroscopic changes shown in Fig. 8 . The characteristic absorption peak at 699 nm (one-electron reduced products) disappears and is replaced by three relatively strong absorption bands at 550, 606, and 669 nm, characteristic of Pc{ -4) dianions (Table 2) [40,501. Both the tri-and tetra-anion may be electrochemically re-oxidized back to the starting material, TFcPd,-2)H2.
Summary
In the tetraferrocenylphthalocyanine species, there is no coupling between the ferrocene units in the ground state, and the four ferrocene units are oxidized at the same potential. From the shift in the Q band in the metal-free species, there is some evidence for interaction of the ferrocene units with the phthalocyanine n-system in the excited state. Reduction of this species leads to the usual formation of a Pc{ -3) anion and Pd-4) dianion whose spectra show no special perturbation resulting from the presence of ferrocene units.
